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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an abnormality 
stop controlling method which stops operation soon 
after a friction stir connecting tool destmcts in fatigue 
limit end reduces defective joint portions generated with 
fatigue fracture of a tool as much as possible. 
SOLUTION: One means for solution is that the current 
value of a rotational driving motor of the friction stir 
connecting tool is compared with a standard value, when 
the current value gets to below 80% of the standard 
value, operation is stopped (stopping rotational driving 
motor and forward driving motor, or pulling up a 
connecting tool, or stopping forward moving action), and 
another means for solution is that the current value of a 
forward driving motor of the friction stir connecting tool 
is compared with a standard value, when the current 
value gets to below 80% of the standard value, operation 
is stopped (stopping rotational driving motor and forward 
driving motor). 
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* NOTICES * 

jro and KCIPI are not responsible for any 
damases caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The abnormal-stop control approach In the friction churning Junction senses breakage 
of a junction tool and it was made to suspend operation immediately by the current value change 
of tha rotation drive motor of a friction churning junction tool, or an advance drive motor. 
[Claim 2] The abnormal-stop control approach in the friction churning junction which suspends 
operation when a current value turns into 80% or less of a reference value in the current value of 
the rotation drive motor of a friction churning junction tool as compared with a reference value. 
[Claim 3] The abnormal-stop control approach in the friction churning junction which suspends 
operation when a current value turns into 80% or less of a reference value in the cun^ent value of 
tha advance drive motor of a friction churning junction tool as compared with a reference value. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] When a junction tool is damaged during friction churning junction about 
the abnormal-stop control approach in friction churning junction, this is detected in an instant 
operation is suspended, the defect junction die length accompanying tool breakage is shortened 
as much as possible, and it enables it for this invention to carry out restoration of a junction 
joint quickly. 
[0002] 

[Description of the Prior Art] Although friction churning junction is used as the junction 
approach of an aluminum metal plate, the die length of junction joints, such as aluminum mold 
material used for the floor plate of a rail car, a side plate, etc., is very long. On the other hand, 
while friction churning junction of Plate P is performed where Plate P Is compared on a support 
plate 4 as shown in drawing.1 and drawing 2 , and ***3m is joined, it will be shaved off by the 
front face of a joint depth a grade of 6.1 mm (L of drawing 2 ) in respect of the lower limit of the 
body of a tool. Since the junction tool T rotates at high speed while the comparatively thin pin 1 
which is a hard metal member and protruded at the tip receives strong resistance of the 
advance direction, carrying out fatigue breaking at an early stage comparatively at the root of a 
pin 1 is not avoided. When Tool T carries out fatigue breaking In the middle of junction, only the 
front face of a joint will be deleted in the mold section 3 of the body 2 of Tool T by the condition 
that junction is not made. It is in the middle of junction, and if a junction tool carries out fatigue 
breaking, since the part into which it damaged and Tool T moved forward behind will not be 
ioined, it Is necessary to join this part again. Thus, the re-joined joint is a defect joint (a front 
face results [ being deleted twice in the form section 3 of the body 2 of a tool, etc. and ]), and 
will require repair, on the other hand, the thing which it is exchanging tools and it is beforehand 
avoided in the range of prediction that a too! carries out fatigue breaking during junction since 
junction die length until one tool carries out fatigue breaking is predicted, but is damaged before 
dispersion's having the limit of fatigue strength by each tool and reaching the junction die length 
of prediction — as — It Is . Although an operator will sense change of the sound of a drive 
motor etc. and operation will be promptly suspended if a tool is damaged during junction Since a 
tool still moves forward in between [ till then ], it Is not avoided that a poor junction part 
becomes a certain amount of die length. When automating a friction churning junction activity 
and supervising friction churning splicing-machlne two or more bases by one worker, this 
becomes much more remaricable and a great man day starts repairing thia poor junction part 
[0003] 

[Problem(s) to be Solved] This invention makes it that technical problem to devise the 
abnormal-stop control approach so that operation may be suspended the moment the friction 
churning junction tool carried out fatigue breaking of the above-mentioned problem 
accompanying breakage of a friction churning Junction tool for the purpose of canceling as much 
as possible, and the defect joint produced In connection with fatigue breaking of a tool may 
become small as much as possible. 
[0004] 
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[The means provided in order to solve a technical problem] When a current value turns into 80% 
or less of a reference value as compared with a reference value» the means provided for the 
above-mentioned technical-problem solution the current value of the rotation drive motor of a 
friction churning junction tool It is suspending operation (a halt of a rotation drive motor and an 
advance drive motor, a pull-up of a junction tool, or halt of advance actuation). Other solution 
means When a reference value is compared and a current value turns Into SOX or less of a 
reference value in the current value of the advance drive motor of a friction churning junction 
tool, it is suspending operation (an advance drive motor and an advance drive motor being 
suspended). 
[0005] 

[Function] it is chosen suitably, and since it is less than **10?4 even if the average drive cun^ent 
value of the load concerning a rotation drive motor is about 1 law by about 1 law and the size 
looks at more greatly the range of fluctuation of the current concerned under normal junction 
with the magnitude of the tool concerned, when it becomes 80% or less of a reference current 
value (average drive current value of forward always), it is considered by the board thickness 
which joins a friction churning junction tool that it Is the abnormalities injunction* When the pin 
of a junction tool carries out fatigue breaking during junction^ since it falls to 80% or less in an 
instant, when it becomes 80% or less, operation is certainly suspended by fatigue breaking and 
coincidence of a tool by suspending operation, moreover, the current of an advance drive motor 
Is about 1 law in 2.3A during junction, and since the range of fluctuation of the current 
concerned under normal junction is less than **10% even if it sees it more greatly, when it 
becomes 80% or less of reference current, it is considered that they are the abnormalities in 
junction. When the pin of a junction tool carries out fatigue breaking during junction, since it falls 
to 80% or less of a reference current value in an instant, when it becomes 80% or less of a 
reference current value, operation is certainly suspended by fatigue breaking and coincidence of 
a tool by suspending operation. In addition, the above-mentioned reference current value may be 
beforehand set up according to the thickness of the plate to join, and may be the latest average 
current value under operation (for example, average for [ latest ] 1 second), moreover, that the 
current value fell to low from quantity since the current value of the rotary motor at the time of 
junction initiation and an advance drive motor was small, and a thing [ measurement data / 80% 
or less of a reference value ] — and it is emitting a stop signal on conditions, and during 
junction, ''only when it becomes 80% or less of a reference value'', operation can be suspended. 
Moreover, the percentage reduction of a drive current value when a tool carries out fatigue 
breaking is changed to setting up a reference current value as compared with the case where it 
is based on other factors, since it is remarkable, and comparing this with measurement data, 
calculates the percentage reduction of a current value, and when larger than the percentage 
reduction which the percentage reduction set up, It oan emit a stop signal. 
[0006] 

[Embodiment of the Invention] Subsequently, the gestalt of operation is explained with reference 
to a drawing, The gestalt of this operation joins an aluminum plate with a thickness of 4.5mm, 
and joins it by part for diameter [ of the pin 1 of a junction tool / of 5mm ], rotational-speed 
1750rpm, and advanced speed/of 600mm. The average current value of the rotation drive motor 
Ml while carrying out friction churning junction of die length of 8m In the gestalt of this 
operation is 1 1.4A, the maximum current value is 12,0A, the minimum current value is 1 1.0A, the 
average current value of another side and the advance drive motor M2 Is 2.3A, the maximum 
current value is 2.33A and the minimum current value is 2.28A (when friction churning junction 
equipment is different, these concrete current values differ). The current measurement data of 
the rotation drive motor Ml are transmitted to CPU 12 from the sensor 10, and the current 
measurement data of the advance drive motor M2 are transmitted to CPU12 from the sensor 11. 
In the gestalt of this operation, reference current value 1 1 .4A of a rotation drive motor and 
reference current value 2.3A of an advance drive motor are set as the criteria memory 13. When 
the measurement data of sensors 10 and 1 1 are repeated and called at intervals of 0.5 seconds 
and the either is less than 80% of a reference value as compared with the above-mentioned 
reference value. CPU12 emits a stop signal for a controller 14, and is programmed to make 
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coincidence suspend the rotation drive motor Ml and the advance drive motor M2. As a result of 
examining about two junction tools. 1 Motome was damaged by Junction die length of 5m, the 
rotation drive current at that time fell to 9.1 A, and the current value of an advance drive motor 
fell to 1»8A. Moreover, 2 Motome was damaged by junction die length of 4.5m, the rotation drive 
current at that time fell to 9.0A» and the current value of an advance drive motor fell to l.BA. In 
any case, advance actuation of a friction churning splicing machine is suspended within 0.5 
seconds after a current value falls to breakage and coincidence of a junction tool below at 
reference-value x0.8A (80% of an average current value) and a current value falls below to a 
reference value. The advance distance of a junction tool in the meantime is 5mm or less. 
Therefore, if the pin of a tool carries out fatigue breaking, advance actuation will be mostly 
suspended by coincidence, and the die length for the defect joint accompanying tool breakage 
stops at an equivalent for the radius of the body part of a tool mostly. 
[0007] 

[Effect of the Invention] Change of the sound which produces this invention in connection with 
fatigue breaking of a junction tool as stated above. When fatigue breaking of a junction tool is 
sensed and it becomes 80% or less of a reference value among various change of change of 
vibration etc. as compared with a reference value by the current value change of the rotation 
drive motor of a tool, and an advance drive motor, Since a rotation drive motor and an advance 
drive motor are stopped immediately, operation is almost suspended by breakage and 
coincidence of a pin, and after carrying out pin breakage, rotation of a tool and generating of the 
defect joint by advance actuation being continued can be prevented completely certainly. 
Moreover, as compared with the case where sense change of the above-mentioned sound, 
change of vibration, etc., and junction actuation is suspended, since current change of a drive 
current is detected, a detection means and a control system can be simplified, moreover — 
although the drive current is about 1 law theoretically by the thickness of the plate to join, or 
the size of a junction tool ~ the differences among junction conditions (change of the clearance 
between planes of composition, change of the pressure of a tool, etc.) etc. ~ a drive current — 
some — changing , However, fatigue breaking of a junction too! can be detected certainly, 
without taking into consideration stationary fluctuation of the average drive current by ** of 
junction conditions which it is different and Is not by making the average Into a reference value 
and making the 80% into a threshold value. 
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* NOTICES * 

JPO and NCIPI are not re$Ponsiblfl for any 
danages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2j¥=¥^ shows the word which can not be translated. 
3.[n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Piamn^JJ It is the perspective view of ****** churning junction equipment 

[Drawing 2] It Is the Y-Y sectional view of . 

[Drawing 3] It is the mimetic diagram of the geatalt of ******. 

[Description of Notations] 

P: Aluminum plate 

T: Friction churning junction tool 

1: The pin of a friction churning junction tool 

2: The body of a friction churning Junction tool 

3: The shoulder of a friction churning junction tool 

10: The sensor of a rotation drive current 

11: The sensor of an advance drive current 

12:CPU 

13: Criteria memory 
14: Controller 
Ml: Rotation drive motor 
M2: Advance drive motor 



[Translation donej 
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* NOTICES * 
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DRAWINGS 



[Drayylngjj 
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* NOTICES * 
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WRITTEN AMENDMENT 



[a procedure revision] 

[Filing Date] June 21. Heisei 12 (2Q00. 6.21) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

Dtem(s) to be Amended] Whole sentence 

[Method of Amendment] Modification . 

[Proposed Amendment] 

[Document Name] Specification 

[Title of the Invention] The abnormal-stop control approach in friction churning Junction 
[Claim(s)] 

[Claim 1] The abnormal-stop control approach in the friction churning junction senses breal<age 
of a junction tool and It was made to suspend operation immediately by the current value change 
of the rotation drive motor of a friction churning junction tool, or an advance drive motor. 
[Claim 2] The abnormahstop control approach in the friction churning Junction which suspends 
operation when a current value turns into 80% or less of a reference value in the current value of 
the rotation drive motor of a friction churning junction tool as compared with a reference value. 
[Claim 3] The abnormal-'Stop control approach in the friction churning junction which suspends 
operation when a current value turns into 80% or less of a reference value in the current value of 
the advance drive motor of a friction churning junction tool as compared with a reference value. 
[Detailed Description of the Invention] 
[0001] 

Dndustrial Application] When a junction tool is damaged during friction churning junction about 
the abnormahstop control approach in friction churning junction, this is detected In an instant, 
operation Is suspended, the defect Junction die length accompanying tool breakage is shortened 
as much as possible, and it enables it for this invention to carry out restoration of a junction 
joint quickly. 
[0002] 

[Description of the Prior Art] Although friction churning junction is used as the junction 
approach of an aluminum metal plate, the die length of junction joints, such as aluminum mold 
material used for the floor plate of a rail car, a side plate, etc, is very long. On the other hand, 
while friction churning junction of Plate P is performed where Plate P is compared on a support 
plate 4 as shown in drawmi,! a"cl drawing 2 , and ****** is joined, it will be shaved off by the 
front face of a joint depth a grade of 6.1 mm (L of MwLDS_2 ) in respect of the lower limit of the 
body of a tool. Since the junction tool T rotates at high speed while the comparatively thin pin 1 
which is a hard metal member and protruded at the tip receives strong resistance of the 
advance direction, carrying cut fatigue breaking at an early stage comparatively at the root of a 
pin 1 is not avoided. When Tool T carries out fatigue breaking in the middle of junction, only the 
front face of a joint will be deleted in the mold section 3 of the body 2 of Tool T by the condition 
that junction is not made. It is in the middle of junction, and if a junction tool carries out fatigue 
breaking, since the part into which it damaged and Tool T moved forward behind will not be 
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joined, it is necessary to Join this part again, on the other hand, the thing which it is exchanging 
tools and it is beforehand avoided in the range of prediction that a tool carries out fatigue 
breaking during Jgnotion since junction die length until one tool carries out fatigue breaking is 
predicted, but is damaged before dispersion's having the limit of fatigue strength by each tool 
and reaching the junction die length of prediction — as — it is . Although an operator will sense 
change of the sound of a drive motor etc. and operation will be promptly suspended if a tool Is 
damaged during Junction Since a tool still moves forward in between [ till then ]. it is not avoided 
that a poor Junction part becomes a certain amount of die length. When automating a friction 
churning junction activity and supervising friction churning spliciny-machine two or more bases 
by one worker, this becomes much more remarkable and a great man day starts repairing this 
poor Junction part. 
[0003] 

[Problem(s) to be Solved] This invention makes it that technical problem to devise the 
abnormal-stop control approach so that operation may be suspended the moment the friction 
churning junction tool carried out fatigue breaking of the above-mentioned problem 
accompanying breakage of a friction churning junction tool for the purpose of canceling as much 
as possible, and the defect joint produced in connection with fatigue breaking of a tool may 
become small as much as possible. 
[0004] 

[The means provided in order to solve a technical problem] When a current value turns into 80% 
or less of a reference value as compared with a reference value, the means provided for the 
above-mentioned technical-problem solution the current value of the rotation drive motor of a 
friction churning junction tool It is suspending operation (a halt of a rotation drive motor and an 
advance drive motor, a pull-up of a junction tool, or halt of advance actuation). Other solution 
means When a reference value is compared and a current value turns into 80% or less of a 
reference value in the current value of the advance drive motor of a friction churning junction 
tool, it Is suspending operation (an advance drive motor and an advance drive motor being 
suspended). 
[0005] 

[Function] it is chosen suitably, and since it is less than **10% even if the average drive current 
value of the load concerning a rotation drive motor is about 1 law by about 1 law and the size 
looks at more greatly the range of fluctuation of the current concerned under normal junction 
with the magnitude of the tool concerned, when It becomes 80% or less of a reference current 
value (average drive current value of forward always), it is considered by the board thickness 
which joins a friction churning junction tool that it is the abnormalities injunction. When the pin 
of a junction tool carries out fatigue breaking during junction^ since It falls to 80% or less in an 
instant, when it becomes 80% or less, operation is certainly suspended by fatigue breaking and 
coincidence of a tool by suspending operation, moreover, the current of an advance drive motor 
is about 1 law in 2.3A during junction, and since the range of fluctuation of the current 
concerned under normal junction is less than **10% even if it sees it more greatly, when it 
becomes 80% or less of reference current, it is considered that they are the abnormalities in 
junction. When the pin of a junction tool carries out fatigue breaking during junction, since it falls 
to 80% or less of a reference current value in an instant, when it becomes 80% or less of a 
reference current value, operation is certainly suspended by fatigue breaking and coincidence of 
a tool by suspending operation. In addition, the above-mentioned reference current value may be 
beforehand set up according to the thickness of the plate to join, and may be the latest average 
current value under operation (for example, average for [ latest ] 1 second), moreover, that the 
current value fell to low from quantity since the cun'ent value of the rotary motor at the time of 
junction initiation and an advance drive motor was small, and a thing [ measurement data / 80% 
or less of a reference value ] — and it Is emitting a stop signal on conditions, and during 
junction, "only when it becomes 80% or less of a reference value", operation can be suspended 
Moreover, the percentage reduction of a drive current value when a tool carries out fatigue 
breaking is changed to setting up a reference current value as compared with the case where it 
is based on other factors, since it is remarkable, and comparing this with measurement data. 
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calculates the percentage reduction of a current value, and when larger than the percentage 

reduction which the percentage reduction set up, it can emit a stop signal, 

[0006] 

tEmbodiment of the Invention] Subsequently, the gestalt of operation is explained with reference 
to a drawing. The gestalt of this operation joins an aluminum plate with a thickness of 4.5mm, 
and joins it by part for diameter [ of the pin 1 of a junction tool / of 5mm ], rotationahspeed 
1750rpm, and advanced speed/of 600mm. The average current value of the rotation drive motor 
M1 while carrying out friction churning junction of die length of 8m in the gestalt of this 
operation is 1 1 .4A, the maximum current value is 1 2.0A, the minimum current value is 1 1 .OA. the 
average current value of another side and the advance drive motor M2 is 2.3A. the maximum 
current value is 2.33A and the minimum current value is 2.28A (when friction churning junction 
equipment is different, these concrete current values differ). The current measurement data of 
the rotation drive motor Ml are transmitted to CPU 12 from the sensor 10, and the cunrent 
measurement data of the advance drive motor M2 are transmitted to CPU12 from the sensor 11. 
In the gestalt of this operation, reference current value 11. 4A of a rotation drive motor and 
reference current value 2.3A of an advance drive motor are set as the criteria memory 13. When 
the measurement data of sensors 10 and 11 are repeated and called at intervals of 0,5 seconds 
and the either is less than 80% of a reference value as compared with the above-mentioned 
reference value, CPU12 emits a stop signal for a controller 14. and is programmed to make 
coincidence suspend the rotation drive motor 1^1 and the advance drive motor M2. As a result of 
examining about two junction tools, 1 Motome was damaged by junction die length of 5m, the 
rotation drive current at that time fell to 9.1 A, and the current value of an advance drive motor 
fell to 1.8A. Moreover, 2 Motome was damaged by junction die length of 4.5m, the rotation drive 
cunrent at that time fell to 9.0A. and the current value of an advance drive motor fell to 1 .6A. In 
any case, advance actuation of a friction churning splicing machine is suspended within 0,5 
seconds after a current value falls to breakage and coincidence of a junction tool below at 
reference-value x0.8A (80% of an average current value) and a current value falls below to a 
reference value. The advance distance of a junction tool in the meantime is 5mm or less. 
Therefore, if the pin of a tool carries out fatigue breaking, advance actuation will be mostly 
suspended by coincidence, and the die length for the defect joint accompanying tool breakage 
stops at an equivalent for the radius of the body part of a tool mostly. 
[0007] 

[Effect of the Invention] Change of the sound which produces this invention in connection with 
fatigue breaking of a junction tool as stated above, When fatigue breaking of a junction tool is 
sensed and it becomes 80% or less of a reference value among various change of change of 
vibration etc. as compared with a reference value by the current value change of the rotation 
drive motor of a tool, and an advance drive motor, Since a rotation drive motor and an advance 
drive motor are stopped immediately, operation is almost suspended by breakage and 
coincidence of a pin, and after carrying out pin breakage, rotation of a tool and generating of the 
defect joint by advance actuation being continued can be prevented completely certainly. 
Moreover, as compared with the case where sense change of the above-mentioned sound,^ 
change of vibration, etc.. and junction actuation is suspended, since current change of a drive 
current is detected, a detection means and a control system can be simplified. Moreover, 
although the drive current is almost fixed theoretically by the thickness of the plate to join, or 
the size of a junction tool, as for a drive current, it changes a little by the difference among 
junction conditions etc. (change of the clearance between planes of composition, change of the 
pressure of a tool, etc.). However, fatigue breaking of a junction tool can be detected certainly, 
without taking into consideration stationary fluctuation of the average drive current by ** of 
junction conditions which It is different and is not by making the average into a reference value 
and making the 80% into a threshold value. 
[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view of H?***** churning junction equipment 
rPra wing 2] It is the Y-Y sectional view of . 
[Drawing 3] It ia the mimetic diagram of the gestalt of 
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[Description of Notations] 

P: Aluminum plate 

T: Friction churning junction tool 

1: The pin of a friction churning junction tool 

2: The body of a friction churning junction tool 

3: The shoulder of a friction churning junction tool 

10: The sensor of a rotation drive current 

11: The sensor of an advance drive current 

12:CPU 

13: Criteria memory 
14; Controller 
Ml: Rotation drive motor 
M2: Advance drive motor 



[Tranelation done.} 
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